Cardiac output, blood pressure and heart rate were measured with noninvasive techniques before, during and after induction of anaesthesia with halothane and after intubation in unpremedicated infants and in diazepam-atropine premedicated children presenting for elective surgery. Cardiac output was measured with pulsed doppler echocardiography. Left ventricular shortening fraction was estimated with M-mode echocardiography during induction. Induction with halothane in infants caused significant decrements in blood pressure, cardiac index, stroke volume index and significant depression of left ventricular shortening fraction. Induction with halothane in diazepam-atropine premedicated children caused a significant increase in heart rate but significant decreases in blood pressure, stroke volume index and left ventricular shortening fraction while cardiac index decreased slightly. Intubation in infants caused a mild increase in heart rate compared with pre-induction values but blood pressure, cardiac index and stroke volume index remained below pre-induction values. Intubation in diazepam-atropine premedicated children caused significant increases in heart rate and cardiac index, and a nonsignificant increase in blood pressure but stroke volume index remained significantly below preinduction values. Healthy infants and children tolerate induction of anaesthesia with halothane to a depth to permit intubation but large reductions in cardiac output and myocardial contractility are expected with subsequent reductions in blood pressure.
hypotension was related to reduction in cardiac output.
The application of M_mode 1 0-13 and twodimensional echocardiograph y14.15 to anaesthetic practice enables noninvasive assessment of indices of myocardial preload, contractility and afterload. A further step in noninv asi ve assessment of myocardial function is the use of doppler echocardiography. 16.19 This technique enables real-time, noninvasive, continuous measurement of cardiac output.
In this study the cardiovascular effects of halothane and intubation are examined using non invasive techniques in infants and children by near-simultaneous measurement of cardiac output, myocardial contractility, blood pressure and heart rate. Cardiac output was measured by pulsed doppler echocardiography.
M-mode echocardiography was used to measure left ventricular dimensions and function. Peripheral blood pressure was measured with oscillometry .
MATERIALS AND METHODS
Cardiac output, heart rate, upper limb systolic blood pressure and left ventricular shortening function were measured before induction of anaesthesia (pre-induction) and during induction of anaesthesia. Cardiac output, heart rate and systolic blood pressure were also measured immediately after tracheal intubation. Resting pre-induction values were recorded when the patient was calm or when initial crying had ceased. Intravenous cannulation was performed after these recordings. Post-induction values were recorded immediately before tracheal intubation.
All patients studied were presenting for elective abdominal or genital tract operations (e.g. herniorraphy, orchidopexy) and were free of cardiorespiratory illness (ASA Physical Status 1). Two age groups were studied: eight infants 9-28 weeks of age (mean BW 5.6 kg, range 4.3-8.0 kg) without premedication and eight children 1.5-6.75 years of age (mean BW 15.3 kg, range 12.0-20.0 kg) premedicated with oral diazepam 0.2-0.3 mg/kg and atropine 10-20 j.lg/kg 1-2 hours before transport to the operating room. Preoperative fasting was 4-8 hours.
Cardiac output was measured with a Vingmed SD-I00 unit (Vingmed, Horten, Norway) which incorporates both doppler and M-mode echocardiographic facilities. This unit displays cardiac output per minute in real-time, as the product of the average systolic blood velocity (litres/minute) and the aortic cross-sectional area. The aortic crosssectional area was derived from measurement of the internal aortic diameter at the level of the aortic valves at end-systole from an M-mode echocardiogram. Blood velocity was measured with the doppler transducer which transmitted a 2 mHz or 3 mHz signal. The doppler probe was placed in the suprasternal notch and directed towards the aortic root. The use of range-gating with a visual flow profile and audio signal enabled location of a sample volume immediately distal to the aortic valve leaflets in the region of maximum spatial velocity. The average systolic velocity was derived by analysis of the flow spectrum using Chirp-Z transform as the mathematical algorithm. The updated cardiac output was displayed at intervals of 2.5 seconds. Validation of our pulsed doppJer technique against dye dilution is reported elsewhere in this issue. 2o
Blood pressure was measured with oscillometry (Dinamap, Critikon, Florida, U.S.A.) and heart rate recorded from an electrocardiograph.
Induction of anaesthesa was performed by inhalation of halothane (2-3%) with oxygen at a flowrate of 4-6 litres/minute for a sufficient period (3-5 minutes) to achieve sufficient depth of anaesthesia to enable tracheal intubation. Intubation was performed when jaw tone was absent and endoscopy did not elicit pharyngeal reflexes. Positive pressure ventilation was avoided.
M-mode echo cardiography was performed before induction (pre-induction) of anaesthesia and after induction (postinduction) immediately before tracheal intubation. Dimensions of the left ventricle were recorded at end-diastole (LVED) and at end-systole (L YES) according to recommendations by the American Society of Echocardiography. 21 The left ventricular shortening fraction (L VSF) was calculated according to the formula:
LVSF= LVED -LVES/LVED X 100% Cardiovascular data concerning heart rate, systolic blood pressure, cardiac index and stroke volume index were grouped into preinduction, pre-intubation and post-intubation sets. Statistical comparison between preinduction data and pre-intubation data and between pre-induction data and postintubation data was performed using repeated-measurement analysis of variance. Statistical comparison of the pre-induction and post-induction M-mode echocardiographic data was performed using Student's t test for paired observations. 
Pre-induction, pre-intubation and post-intubation cardiovascular indices in infants anaesthetised with halothane

Pre-induction
Pre-intubation Post-intubation (7) Values are the average with one standard deviation in brackets. Total number of infants = 8.
*Significant (P < 0.5) changes from pre-induction values. tSignificant (P < 0.1) changes from pre-induction values.
RESULTS
Mean values of heart rate, systolic blood pressure, cardiac index and stroke volume index before and at the end of induction (preinduction, pre-intubation) of anaesthesia and after tracheal intubation (post-intubation) are presented in Tables 1 (infants) and 2 (children). Percentage changes at the end of induction immediately prior to (preintubation) and after tracheal intubation (post-intubation) compared with resting preinduction values, are illustrated in Figures 1 (infants) and 2 (children).
In the infant group, heart rate exhibited minor non-significant changes during induction decrease 6.2% (SD 5.1 %) and after intubation increase 4.8% (SD 9.5%) compared with pre-induction values. Blood pressure, cardiac index and stroke volume index all decreased significantly during induction. The percentage decreases were 20.5% (SD 3.6%), 29.4% (SD 7.9%) and 26.7% (SD 4.7%) respectively. Immediately after tracheal intubation, blood pressure, cardiac index and stroke volume index all increased compared with those during induction but remained 8.1% (SD 6.8%), 7.8% (SD 7.5%) and 12.2% (SD 11.0%) respectively below pre-induction levels (not significant).
In the child group, heart rate increased moderately during induction 16.9% (SD 9.5%) but increased significantly after intubation 45.9% (SD 16.3%) compared with preinduction values. Blood pressure declined (17.8%, SD 2.6%) significantly during induction but increased to exceed preinduction levels by 7.1 % (SD 3.8%) (not significant) after intubation. Cardiac index decreased during induction 3.6% (SD 4.1 %) (not significant) but increased significantly after intubation 30.9% (SD 14.5%) compared with pre-induction values. Stroke volume index decreased significantly during induction 20.5% (SD 4.8%) and increased after intubation but remained below 10.9% (SD 9.2%) pre-induction levels. Echocardiographic measurements are shown in Tables 3 (infants) and 4 (children). LVED dimensions in both groups did not alter significantly during induction. In contrast, L YES dimensions were significantly greater at the end of induction compared with preinduction dimensions. L VSF decreased significantly in both groups during induction. In the infant group, L VSF decreased from 36.5% (SD 3.3%) to 23.8% (SD 3.9%), while in the child group, LVSF decreased from 36.6% (SD 1.9%) to 27.6% (SD 2.7%). It is generally accepted that halothane may cause cardiovascular depression on the basis of observation of blood pressure and heart rate. In adults, cardiac output has been monitored during halothane administration with spontaneous ventilation 8 and mechanical ventilation. 7 In the paediatric age group, however, cardiovascular investigation has been largely confined to indices of cardiac output. This is of some concern, since halothane alone or with nitrous oxide is commonly employed to achieve anaesthesia of sufficient depth to permit intubation in the paediatric age group, whereas this technique is not common in adult practice. The safety of halothane has been questioned in a study2 which reported a 49% incidence of significant perioperative blood pressure reduction ( > 30%) in 313 unpremedicated infants less than six months of age. In another study22 of unpremedicated infants less than six months of age, induction of anaesthesia with a concentration of halothane up to 3% in a 60-40 mixture of N 20 and 02, heart rate decreased by 30% and blood pressure by 50%. In our study, induction of anaesthesia with 2-3% halothane in oxygen during spontaneous ventilation of unpremedicated infants was associated not only with a 21 % reduction in blood pressure and a 6% reduction in heart rate, but also with a 29% reduction in cardiac index and a 27% reduction in stroke volume index. In our children (premedicated with diazepam and atropine), we observed an 18% decrease in blood pressure, a 17% increase in heart rate, a 4% decrease in cardiac index and a 21 % decrease in stroke volume index. Our two groups of patients are not directly comparable on the basis of age difference but it is possible that either the atropine permitted a rise in heart rate and hence limited a fall in cardiac output or that diazepam permitted a smaller dose of halothane to be given to enable smooth intubation in the child group. At the time of our study, we were not able to quantitate the dose of halothane. The use of atropine during induction of anaesthesia with halothane is of some importance since falls in blood pressure, heart rate and cardiac output may be mitigated. 9 . 22 The fall in cardiac output during halothane administration has been associated with echocardiographic indices of depressed myocardial contractility. A study I I of normal children premedicated with secobarbitone and morphine followed by inhalation of halothane at concentrations of 2% in N20/02 (60-40 mixture) revealed that heart rate and blood pressure decreased by 6% and 18%. Simultaneously, left ventricular ejection fraction decreased by 26% and circumferential fibre shortening rate decreased by 36% while the pre-ejection period/left ventricular ejection time ratio increased by 18%. Intravenous atropine (0.02 mg/kg) did not improve the ejection fraction but did improve the circumferential fibre shortening rate. The left ventricular enddiastolic volume was not changed by halothane or atropine administration. Similar echocardiographic study in adults l3 anaesthetised with halothane and ventilated to normocarbia also reported depression of indices of myocardial contractility. Another study of children during induction of anaesthesia with spontaneous ventilation of halothane with normocarbia,14 demonstrated a dose-dependent decrease in left ventricular shortening fraction and mean velocity of circumferential shortening fraction and an increase in pre-ejection period/left ventricular ejection time ratio. These observations, indicative of depressed myocardial contractility, were associated with a significant reduction of blood pressure. A recent study,15 using pulsed doppler and two-dimensional echocardiography, has demonstrated simultaneous reductions in stroke volume index, left ventricular ejection fraction and blood pressure with halothane anaesthesia of three different levels (0.75, 1.0, 1.25 MAC). Our echocardiographic study was limited to measurement ofleft ventricular end diastolic and end-systolic diameter and estimation of left ventricular shortening fraction which was significantly decreased with inhalation of halothane (2-3%) in unpremedicated infants -36.5% (SD 3.3%) to -23.8% (SD 3.9%) and also in diazepamatropine premedicated children -36.6% (SD 1.9%) to -27.6% (SD 2.7%). In both groups there were simultaneous significant decreases in blood pressure and stroke volume index. We conclude that the decreases in blood pressure and stroke volume index are due to depression of myocardial contractility. These changes are unlikely to be due to vasodilation since the left ventricular end-diastolic diameters did not alter significantly during induction in both infants and children. It is possible that pre-intubation cardiovascular data was influenced by the intravenous cannulation after collection of pre-induction data; sympathetic overactivity during subsequent induction may have obscured the depressive effect of halothane on cardiac index, heart rate, stroke volume index and blood pressure in the infants and on the cardiac index, stroke volume index and blood pressure in the children.
It is generally accepted that tracheal intubation during induction of anaesthesia may cause increments in heart rate and blood pressure. However, several investigations 9 ,11,22 of the cardiovascular effects of halothane induction with subsequent intubation in the paediatric age group do not contain any comment about the cardiovascular effects of intubation. Our study of infants demonstrated an increase in heart rate of 5%, but a decrease in blood pressure of 8% and a decrease in cardiac index of 8% after intubation when compared with pre-induction levels. These changes after intubation followed considerable decreases for blood pressure (21%) and cardiac index (29%) and a minor decrease in heart rate (6%) during induction. It appears that induction with halothane attenuates the cardiovascular intubation response but at the cost of significant myocardial depression. A previous study23 recommended the use of halothane 2% with N20 to attenuate the cardiovascular response to intubation. In our group of children premedicated with diazepam and atropine, intubation resulted in increases in heart rate (46%), blood pressure (7%) and cardiac index (31 %). These increments followed decrements in blood pressure (18%), cardiac index (4%) and an increment in heart rate (17%) during induction of anaesthesia. It appears that when atropine is used, the chronotropic response to intubation is not suppressed by halothane.
Induction of anaesthesia to a depth to enable intubation with halothane alone in healthy infants and children is tolerated but large reductions in blood pressure are expected. This observation is due to depression of myocardial con tractility with consequent depression of cardiac output. Caution should be exercised with this technique. Premedication with atropine ensures an increase in heart rate during induction with halothane and thus helps maintain cardiac output in spite of depressed myocardial contractility. Intubation is a stimulus which restores heart rate, blood pressure and cardiac output to near preinduction levels after falls during induction.
